The AMSR-E (Advanced Microwave Scanning
INTRODUCTION
The AMSR-E sensor has six bands from 6.9 to 89 GHz and dual polarization H and V. The orbit is sun-synchronous with equator overpasses at 1:30 A.M and 1:30 P.M [1] . Currently, AMSR-E is widely used to retrieve SM, and a variety of SM products have been developed by applying the iteration algorithm, single-channel algorithm, the look-up table algorithm and Paloscia method [1] . According to Njoku's a simplified method, AMSR-E/NASA SM product is considered as an official product [2] . SM is retrieved based on a simplified surface Radiative Transfer Model (RTM) and observations collected by the AMSR-E sensor in C and X bands [3] . Due to serious radio-frequency interference in C band, the SM retrieval algorithm is applied to the X-band (10.7GHz) radiance [4] . In addition, the microwave polarization difference index (MPDI) is introduced in the AMSR-E/NASA SM retrieval algorithm. MPDI is related to SM and vegetation, and can remove the surface temperature dependence [2] . At higher frequency, MPDI depends more on vegetation than SM [5] . To estimate SM, an annual minimum baseline MPDI for dry soil conditions is applied to retrieve long time series of the AMSR-E/NASA product [6] . However, some researches show that the SM range of AMSR-E/NASA SM is significantly narrower than the measured value, and cannot reflect the change before and after rainfall [7] . Therefore, it is necessary to deeply analyze the temporal and spatial variation of this product to understand the cause of this problem. The objectives of this study are: 1) to explain the spatiotemporal variability of AMSR-E/NASA SM in the Tibetan Plateau; 2) to analyze the reason of the very narrow range of the AMSR-E/NASA SM; 3) to improve the coefficients of MPDI in the AMSR-E/NASA SM retrieval algorithm in study area.
DATA
In-situ SM data were collected through the ISMN (International Soil Moisture Network) in Naqu network of sites in the Tibetan plateau during 2011 [8] . A total of 56 stations are currently available, and 50 valid station data are used in this study. In this study, the 50 stations were divided into 12 groups (named Pixel 1, Pixel 2…, Pixel 12) according to the pixel distribution of AMSR-E/NASA SM product as shown in Figure 1 . The mean SM value for each pixel was taken as the true value of that pixel. This Naqu study area lies in central Tibet and it is hilly and mountainous, but the slopes are gentle [9] . This study area belongs to the cold semi-arid climate and is affected by the Southeast Asian monsoon [7] . The annual mean temperature is from -0.9 to -3.3℃. The annual relative humidity is from 48% to 51%. The annual precipitation amount is about 400-500 mm [10] . The period from November to April is dry and windy [11] . From May to September it is relatively warm, windy and sunny with rainfall accounting for 80% of the year [12] . Therefore, there is an obvious seasonal change of SM. 
METHODOLOGY
The brightness temperature measured by AMSR-E sensor includes contributions from both the land surface (soil and vegetation) and the atmosphere [13] . There are two main contributions of atmosphere, the upwelling and downwelling emission. The brightness temperature measured by AMSR-E (Tsat) is:
where, tatm is the atmospheric transmittance, rsf is the surface reflectivity, Tu and Td are the upwelling and downwelling atmospheric emission, respectively. At 6.9, 10.6 and 18GHz, cloud liquid water affects the TOA brightness temperature by less than 2k [13] . Thus, there are small biases in SM retrieval due to atmospheric effects. Under cloudless conditions, atmospheric transmittance is highest. Therefore, suppose Tu=Td=0, tatm=1 in this study, then Tsat= Tsf. Tsf is the surface brightness temperature. Assuming that the surface is homogeneous, the surface brightness temperature is expressed as:
where, Ts and Tv are the temperatures of soil and vegetation respectively; a is the single scattering albedo of vegetation; tv is the vegetation transmittance; bv and wv are a coefficient and water content of vegetation, respectively; h is a roughness parameter;  is the incidence angle; rsp is the specular reflectivity; rsp is related to dielectric constant of soil. In this study, the Dobson dielectric model was used to simulate the relation between SM and microwave emission [4] . Njoku, et al. 2004 developed a simplified method to retrieve SM from AMSR-E brightness temperature data [4] . In this model, MPDI is used to retrieve SM. The parameter g * was introduced and computed using 10.7GHz observations of Tsat and three empirical coefficients. Finally, according to a baseline value and additional coefficients, SM was calculated using MPDI values at 10.7GHz. This baseline value was set as the monthly minimum in each grid cell over an annual cycle (g*) [14] . Therefore, SM can be retrieved as a linear function of MPDI as: 
where, A0 is constant for one year. The parameter t represents the months in a year from January to December. According to Eq. (8) the trend in SM t is just related to the A0 and A1. Therefore, the intra-annual variation of SM t is described by Eqs. (8) and (9) . There is a special case when A0 is equal to 0 and A1 is equal to 1, and the value of SM t is just determined by (Table 1) .
In this study, in-situ SM measurements of Pixel 1 include 14 stations in 2011, which were divided into two sets. The model Eq. 8 was fitted to the 1 st sub-set, i.e. 7 stations.
( Figure 3A) . The 2 nd set was used to validate the improved model, i.e. RMSE = 0.065 ( Figure 3B ). Table 1 , AMSR-E/NASA SM product and in-situ SM measurements (calibration), and (B) case (d), AMSR-E/NASA and JAXA SM products and in-situ SM measurements (validation).
By fitting Eq. 8 to the data in Figure 3 A, we estimated the parameters A1 and A0 (SM=MPDI-0.09, SM=MPDI+0.06), with both A1 and A0 values being approximately constant, and equal to 1 and 0.06 respectively. By fitting Eq. 8 to the in-situ data, however, we obtained A1 = 8. In other words, the value of A1 obtained by fitting Eq.8 to the AMSR-E/NASA SM product is too small and it explains the very small dynamic range, which cannot capture the intra-and inter-annual variation. Accordingly, the model SM=MPDI*8-0.36 is expected to perform better when applied to retrieve SM in our study area where it is more consistent with the in-situ SM data. In this study, two different linear relationships must be applied to retrieve SM from the AMSR-E MPDI observations: 10 Three SM products including AMSR-E/NASA, AMSR-E/JAXA and improved AMSR-E were mapped in our Naqu study area in January, March, June, July and September (Figure 4 ). According to AMSR-E/NASA, there is hardly any change, and SM is low from January to September. The improved AMSR-E SM is better than AMSR-E/NASA. In June, the SM is highest, followed by July and September. In January and March, SM is low. Our retrievals based on the model fitted to the in-situ data were lower than the AMSR-E/JAXA product overall in June and July. Therefore, the improved AMSR-E product avoids both over-and underestimation in summer. In conclusion, the improved AMSR-E SM product is better than both the AMSR-E/NASA and AMSR-E/JAXA SM products from January to September.
CONCLUSION
This work shows an analysis, comparison and improvement of AMSR-E SM data products in the Naqu, Tibet area in 2011. Our spatiotemporal analysis of AMSR-E/NASA and AMSR-E/JAXA documented the differences in the two SM products. The SM dynamic range of AMSR-E/NASA product is very narrow, which basically cannot reflect the intra-and inter-annual variation. The AMSR-E/NASA SM value was almost a constant, i.e. 0.12 (Figure 2) throughout the year, while the AMSR-E/JAXA SM performs better than that. Furthermore, by fitting the MPDI (simulated or calculated with AMSR-E observations f) to AMSR-E/NASA or in-situ SM data, the values of A1 were approximately equal to 1 and 8 respectively. When A1 = 8, the SM estimated by the improved models (SM=MPDI*8-0.15,SM=MPDI* 8-0.36) was closer to the in-situ SM measurements (validation sub-set) than AMSR-E/NASA SM data, with RMSE = 0.065. The AMSR-E/NASA SM is generated with A1 = 1, i.e. too small, given the actual intraannual SM dynamic range in Naqu, Tibetan plateau.
